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Technical Field to which the Invention Belongs · 

Thts tnve!Jtion relates to the .rejuvenation of aged asphaltic pavement 
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As asphaltlcconaete pavement ages, the aSphaitcementbecames hasdet. ThisleadsfD ~~~ 
of the pavement. During this age hardelJinS the heavy asphalfic coniponent contenb lnaease. ~m~ 
agentfarsudl aged asphaldcc:onc:ret8 must be af sufflcientfy low viscosity to lower the viscos!lY of the aged 
asphalt to desired levels. ltalso must have a high polar lo nonapolarcomponent ratio to~ ecmp81iblllty 
with the hJgh heaVy asphaldccontent In the asphalt of the salvaged aged uphaltic pavement.! · 

I • 
Recyding Of salvaged asphalt pavement has significant economic advantages b~ sig~ificam 

amaunts of'Via'gln asphalt and agg1egates ~needed to produce a new asphallic cement pavefnent.. FWther, . . 
&alvaged asphalt J:>avement c:onfains high quality aggregates which may be either d"rsposed ~in clumP s~ 
«may 1:1e usec1 in 1ow perfonnanee applications.. . . . I . : 

The cuaen~situatfon In North Amedca concerning the hatrecyde of aalvaged asphalt ~nt iS quite 
extensively described in a paper byW. D. Robert:sa~ etal entifled ~ Desrgn· .:The Keyto S~~ eave­
ment R,eclJCling9 and publlshedtn the caaadian Technical AsphaltAssaciation Proceedings Of ~988. ~ 830. 

One common practice at this time Is to mbc old tnilled asphalt pavement material with sOft ~in asplialt 
and then to heat the wnaie mbfure by the addition of preheafed v&gin aggregate. The mrrent~~in Ontario. 
canada ofotd pavementu6r1Zalionis60%, due to envin:minenlal regulatlonsfortheamauntof~ pfe?du(!ed 
when the hot aggregate is added. • · \ : 

Specification& forrecyding agents used i!t hot-mbc reeydlng ace'described in a ~aper by J<!ari etal µi ·~ 
phaltPaVinS Technology" of 1980 p..177. •eo1d-1n-piace ~ recycrmg af asphalt pavements i8 incfeasing in p(,p-. . I I 

ularity. as desalbecl by Wood et al In IPJlansporlation Resean:h Reeon:f• #1178of1988. N. Paul l<hasla de-
• • • I 

scribed the use of emulsltled reeydfng agents In •Asphalt Paving Technotogy9of1982 p. 52.2.. i . 
However. other-approaches to recycling 8re possible. These include: methodS that~ mlntmal orno 

heating; lmpmving thea.SphaltcamposfUon;addingvariousagentsta asphaltccmposifions; andreConctitlonJng 
· bilmninous pavemen1s.. 1bese approaches are d.esaibed in the folfawing patents: . l : 

U.S. Patent No. 4.373,.961, pamnled February 15th.1S83 by_E. M.. Slone; i 
· U.S. Patenf:No.~484,, patented September 15th. 1959 by R. L Griffin; . l 

U.S. Pment No.. 3,793.189, patented February 19th. 1974 by L. W. COrbefi; 1 

U.S. Patent Ne. S.221.615. patented December 7th, 1965 by E. W.. McGovern; i 
U.S..PatentNo..~. psfentedJuly14th.1981,byT.. Y.. Ysnetsl; . l 
U.S. PateatNo. ~.660. patented .,tuly 21st. 1981, by L l<amo et al; 
U.S. Patent No. 4,825,738. patented Apl'il 20th.. 1982. by H. Planc:her; 
U.S. Patent No. 4.549.834-. pafeo.1fBd October~.1985. by J. P. Allen. 
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8ythla Invention. a method I& provided forthe rejuvenation of aged salvaged asphalHcpaYement ~al, 
the method befna characterized by: lncoJporafJng. rnm the oldasphalticpavement. a novel nibo9en-cOntaining 
adheslon-lmprovlng. anfi..stripping agent as an addi6ve.. The additive. is c:haracterized by ~ a ~ewage 
sludge<lerfVed on. or a fraction thereof. the sewage sludge-derived ol c;amprising a mPcfure Of~ ara­
phafic hydracarllons, monoaramasic hydracmbons, dlmama.tlc hydrocarbans, palymomatic ~ons. po­
lar compounds and basic:. pyridene-saluble compounds. having thefollowiiis elemental chemic&I composition: 
niiragea,aboutS.4%.ta about!% bywelght;mc;ygen. about5.8% to·about6.9% &yWeight;~tfiu. about0.3% 
to abaut 0.8% by weight; hydrogen. about 9.7% ta abaul 10.41', and c:arbon. about 76.9% m ~bout 79.8%. · 

This tnvention also provides a method far improving the compaUbllityof aged asphalt tn ~ea 'old fls­
phalt paving matedals With other asphaltic materials, the method being cmuacterized by: f~i;ig, info 
the·cld asphaldc pavemeQtsnd t.nto anyotherasphaltiemafedals, and/« rejuvenating a.gents !uidior suitable 
sartenlns asems. a novel nltrogen-c:antaining adhesion-lmpcoving • antklrippin9 agent as an.~ditiVe. The &d­
difive i:s characterized by being a sewage sludge-de(ived oil, ore fi'aclion theraaf. the aewage pruc:tgfHI~ 
oil comprisftlg a mixture of aab:nfed aliphada hydR;Jcabcms. ~ hydroc:arbons, ~tic: hyl:fra­
carbons, polyaromatic hydrQcarbans. polar compaunds and basic. pyr;cr.ne«>lubJe CQmpourids. having the 
foDowing elemental chemical c:amposition: nilrogen. about 3.4% fD abaut 5% by weight; oxygena al>oUt 6.8'% 
to about &.9% by weight; sulfur. about 0..3% to about o.a% by weight; hydrogen,. about 9.7%·tJ, about1o.4CJ<.,. 
and Carbon. about 76.9% to abaut79.8~ · · . . · ! . ' 
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"This invention also provides a method forimpmving the 1'8Sistancelo stripping of rejuvenated asphalt ce-

' ment aggregate c:haracrerized by incotpotating, inlo the old asphaffic pavement,, a novel n~ng 
adhesion-improving, anti-stripping agent as an addilive, the ac1ditiv8 being characterized by .b~ a ~e 
sludge-derived on. ora fiadfon thereof. the ~e ~dge-derived ol comprising a mixture.qr satura~ ali­
pha!ic hydrocarbons. monoaromatic hydrocarbons. diaromafic hydrocarbons. polyaramafic hyd,mcarbons. po­
larcompoundsand basic, pyridene-saluble compounds, having thefallowlng elemental chemJcal composition: 
nitrogen. about 3.4% lo about&% by weight ax,ygen. about 5.8% ii> 8baut 6.9% by weight; &Uliµr. about O#Ma 
tDabout0..8$ bywelght; hydrogen,; about9.7%tD about10.4%. and carbon. about76.9% tc"about79:S%. 

. . I • 
In these methods. the amount of aewagestudg~erived on is from aboul:2 to about 1~ ~weigh~ 
This inveRtiOn stil further provides an asphaltic composition including comminuted. aged ;fsphaltlc pave­

ment material. and an effedlve amount,, e.g.., from about2% to about 15% byweight,. of a b~m4of sol'tasphslt 
cement. andfar a convenlfonal asphalt cement. and/or a cutback asphalt. with a novel nitmg~ning ad­
hesion-&npioving. anfktripplng ~ as an addi6ve. The addilive is characterized by beir\9 the sewage 

. &ludge-<lerived au which compdses a mbdure of saturated aliphatic hydrocarbons, mcnoarcmatie hydrocar-
bons, dlaromatlC hydtocarbans, polyaromatfc hydrgcarbons. polar compounds and basic. ~denHotuble 

. ! . 
GOmPOURds. having the following elemental chemlcal composilion: nib'ogen_about3.4%to abQut5_% byweiQht 

. I • • 
awen. ebout 5..8% 1o about &.9% by wetght;; sulftzr, about 0.3% tD about 0..8% by weight; hjdrogen; about 
9.7% U> about 10.4%, and carbon. about 76.9% ID about79.8%. · j · · 

The sewage sludg&<lerived oi pre(erably has the following elemenfaJ · camposilian: ~en. 3..42% ID 
4.95% byweight; ~ 5.84% to G.89% byweight sulfur. 0.34%):l 0..83% by weight; hyditjgen. s.7o% to 
10.44% byweighl; and carbori. 76.92 to 79.76% byweight. . : r . : 

· The srnount of such ~sludge-derived an. ora 'liaction thereof, may be from about~ tc about 15% 
bywei$ht. · . · I · · 

In the asphaftfccamposltion, the other agent maybe a~ product with phy&lc81 ~cs . I . . 
2S • seleGted to res1:0l':e aged asphalt to the requirements of c:urrentasphatt epedfications. e.g .. it 'f8Y be at I~ 

one rejuvenating agent or~ least one softening agent; or it may be a soft asphalt cement. anP/« a cutbadc . 
asphalt, and/or a COl'lVenlional asphalt cement. Pcef~y. tr. should be a soft virgin asphalt. ~ · . · 

· The comminuted aged asphaltic pavement generally is of as~ up to 1• (2.54 cm) in d"iarriefer.. . : 
. I . 

. i 

Effects of the lnvenfion l 
. I : 

The effecls of the invention indude a method and &y3tem far the reconstitution of the ~ material& of 
existing asphalt. pavement, thereby providing almost new materials to :.ie used in the construction cf new-as­
phaltpavements. The use afthes6wagesludgNerived oils forthe rejuvena1ion ofasphaltinsa,lvased ~phalt 
graving mafarial thus allows for recycling. Sewage •ludge-derived oils orfi'acUons thereof havJ been fciund ti) 
be Well sutt8d 1o be used as asphallfc rejuvenation agents. preferably 1n combination with apl>m~ ot:r:ier 
conventional rejuvenafing agents andfOl" softening agents for the fallowing reasons: ; · 

1. They have low YisC05ilies and thus they can soften the hardene:<i asphalt by loweriris viscosities and 
increasing penetration values.. · · . ! · ' 
2. They have an affinity far heavy residual components, e.g., asphaltenes. They are thentbY comi:>abble 
with asphahs of high asphaltene content and can also rendet other appropriate mat.erfals.: . . 
3.. They improve resistance of rejuvenated recycled asphalt to &flipping frDln the aggrega~ , 
The sewage sludgKerlwd 0tl should be topped at high 18mperat.Ul'8S in .orderfo meet sorii.e of tiE.spec.. 

if"ications for aephalt pav"ing materials. Altemativety. it could be mixed with other high boling ~propriate ma­
tf?rials. SUbsequenliyj:his mixfurewauld have the advanlageous properties of both ofthese'cFimpone~ ~r 

hot=d~ng. no comp~~-~~ evenlf~eT'ISO°Cs~eslu~~ oB Is ~ed~ In 
such case. the sewage sludge-derived on could be used either~.!£. or together with other'~1efials. . 

As noted above. the asphaltic composition mayeleo indude otherasphaltic matelials muller rejuvenating 
agents and/or suitable aoftening sgenfa Such rejwenafing agenb and/or suitable softening ~ents q,ay·be 
8$ described below: ! : . 

a)Ahydl'ocaa1>onproductWitbphystcaf~selectedfDrestmeagedasphalttoth,requi""'11enf:s 
or cunent.asphaltspecif"cafion. as described in Kari et al •Asphalt Paving TechnotogY' 1aso p. 77~ · . . I . 
b) Soft asphalt~ end cutback ~halts. One examp'le of such agents ts that kn~ by the '.Trade-
mark MOBILSOL.-30. &amples of.other suitable modif"&erS are provided in Khosla. ·Asphalt Paving Tech-
~ogy'" 1S82 page 522. ' l . . 
c) Petroleum oil' soft&SP.halticresJdues and CQnvemfanal asphalm: cements. as desaib~ In Rbbertsan 

• I 

etal ,. Mix Design-Koy to Sua:essft.11 Pav~ Recycling" page 330. . j . 
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Such sewage sludge-derived oil may be produced aocording to the teac:hings of Canadian Patent No. 

1,,22.5,062, ~ed August4th.1987. loT. R. Bridle. Theteachiilgs or such a ~atentmay be·~.as 
fOIJows: . ' . ! 

Abatcb-typereadion &y&temfortheptaductionofsuchsludQHerivedoildesaibed in theJove-id~ed 
s Canadian patent may be operalad as follows: A sin91e l8aCtor ptOYides bath heating and reacfion 20&1eS and 

consists of a PYREXn.t tllbe.. This was heated In a tumace. oft-gases being candensed in a ~pping System 
consisting of three flasks connected ln series. using ice as the coorant. Non-condensable ~ (NCG) were 
wntedbypipefiomthesyatemmafum&cehoodandwerenotcanec:tecLAtypicalrunwascond~bydlarg­
ing 650 g of dried etudge (93-86% solids) into the reactor and deaerating with nftragen whle!fn the vertical 

10 poeltion. The reactcrvolumelric packing for all nms was a nominal 50%. The reactor was ttteq placed In the 
ft.lm8f;8. whlc:h was lnc:raned by a support 10• to fac:ilitate liqUid b'ansporL All the rmes, traps. ~tc. wei:e con­
nected and the entire $Y$f,Sm purged with nitrogen(15 mL/s) for20 to 30minutes. The furnace ~then swftd1. 
ed on end braught up 111 operating tsmperafure at a conb'olfed rate. the control employing a Fhermo~le 
placed in theeludge bed and connected to thermocouple ewitc:h and teadouL Once operating fe~perabiie had 

15 been reached. the nitrogen purge rate was reduced to 7 mus. When all visl'ble Signs of '8adic?n. f:e., gas/oil 
flow. ceased the heatwasswilched off end the nifrogeri purge rate increased ID 15 mL/s fer approximately 30 
minutes.The~ was dismantled and the~ oil and pymtylic water callected and store4 for analyses. 
oilfwater separation being achieved using a separatoc yfunnel. . : I · : · 

Theoperatingconcf&tionsandiesultsfctacontin~ous-typeteact.ocsystemareshowninTablej1 bel~.w~ile 
10 typical eleftl:enl:al anaryses Of the resµ(tant oils end ch8IS are shown in Table 2 and a d"l$tn"b~n analyaia of 

aliphalic hydroc:ad>ons found In an of1 Is sboWn in Table 3. The canlfnuom ....,aclarresulls ~ ~hown in Table 
4. All the data In the tablea is expressed on a lofaf eolids basis (not ccrreded forwlables). Theinon-concien&-· 
able gas (NCG) yield was calculated by d"~ Anal)Sis of the NCG, by aas ~hy (GC}. indi­
cated that ~contained roughly 6" methane and 10% carbon monoxide w.lh the remaind«~ing mostly 

· s carbon dloxkle and nftrogen. The c:afculated calarificvalue Is approximately 2.0 MJJkg or NCGl · 
Most of the test runs were c;onduded ataptimum conditions defined as: optimum COnveRSicft lemperatUre 

as delermined by differential scanning calorimetry; linearincrease oftemperafurewith time to operating tem­
perature at 1o-c/minute;and continuous nitl"09en purge. Runs11, 12. 13,2424and19 instead ~con~ 
with one vmiable altered dwilTS each test, as incfrcated in Table 1. · · 

.· 
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RUN NO. 

1,,20..29 

10 Sa10 

14,1~18 

2 

1S 3 

4 

11,12.13 

20 22 

23 

24 

25 19 

. 31 

32 

33 

4 

TABLE1·A 

TEST RUN CONDffiONSAND RESULTS 

OPERATING CONDmONS 

SWDGESAMPLE TEMP("C) QU{ER COMMENTS 

c 400 Optimum 

D 450 Optimum 

B 450 Optimum 

c 425 63%WAS 

c 425 7S%WM. 

c· 425 88%WAS . 
B 350 Low Temperature , . . ' 

C1 450 Frigh Ternperatuie 

c 400 No Ii.a p1Jll1e during run 

c 400 Ramp at5 Clmln. 

c 400 10000 PPm Ni spike 

c 400 SeciJnd readOr. empty . 

c 400 Second readDr. char 

: 

I 

• 

: 

: 

c 400 Second feactor, catalyst . 

. I 

.. 



RUN NO. YIB.D% 

1.20,29 20.8. 

,.10 21.1 

10 14.15,18 ~1 

a 25.8 

3 28.6 

1li. 4 21J.7 

11.12,,13 12.8 

22 22.3 

2D 23 1S.8 

24. 16.3 

19 20.9 

31 · 19.0 

S2 17.2 . 
33 19.0 

•• 

5 
TABLE1-B 

lESTRUN CONDmONS AND RESULTS OIL 

: I 
: i 

! 

i 

CALORIC VALUE MJJks VISCOSITYcemsTOKEs 

38.40 

37.43 

33.13 . 

S3.83 

34.13 

. 31.77 . . 
33.32 . 

30.87 

: 38.00 
: 

3'132 

33.98 

ol) 37.49 

38.18 

37.49 

: . 

: 

Solid 
' 

s!!.1 

efl.5 
70.3 

; 

sr.s 
21~.o 

Solid 

Solid 
! 

M..s 

SoHd 

63.4 

sand 
·39_.s . 
-&1.0 
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15 

30 

55 

n:ELD 
RUN N'O % 

1,20,29 59.S 
5-10 52.S 
l.4:,15,18 53 .. 7 
2. 57.l. 
3 56.7 
4 54.6 
l.1. I l.2 I l.3 Ei5."8 

' 22 54.6 
23 59.1 
24 62.7 
l.9 60.8 
31 60.:0 
32 ~9-9 
33 56.8 

NA ..... Not Available 

.6 

TABLE l. - c 
RESUL'I'S 

CHAR RON 

NONCON-
CALORI:C DENSA-
VALUE BLES 
MJ/kq YIELD % 

9.86 11.6 
l.0.68 l.3.2 
l.0.08 l.3 .3 
1.l.. 35 12.2 
l.1.63 10.l 
l.0.65 8.9 
12.00 l.0.3 

9.-39 12.1 
l.O .. Sl. 12 .. 2 
l.l.. 24 - 10.3 

NA l.0.6 
l.1-07 12.0 
1.1.07 1.3 .o 
l.0-01. 1.4. 8 

Sol.id is defined as 214 centistokes 

Thf iillirr 11um 1ililir 

THE!t~ 
PYROLY- MAL; j 
TJ:C. EFFIC-
WATER J:ENct 
YIELD % % 

8.l. 81.9 
13.l. 77.7 
8.8 83.2 
4.9 87.2. 
4:. 6 90-8 
7.8 82.4 

11.2 79.3 
l.l.. 0 so.4 
8.9 80.1 

l.0.7 76.9 
7.7 .SS.7 
9.0 80.l. 
9.9 77.0 
9.4 75.0 

I 

Viscosity measured at room temperature (20-25 11 C) 

Teble2-A 

OILAND CHAR ELEMENTALANALYSIS (%) 

OIL 

Run Na. ·C H N s 0 

2D 78.00 10.10 3.99 0.75 6.18 

9 78.74 10.17 3.45 D.41 6.37 

15 77.39 9.70 4.95 0.8$ 6.90 

22 TT.92 10.20 ~9 0.61 6.51 

Z3 78.00 10.30 3.42 0.74 7.00 

24 77.91 10.44 3.87 0.74 6.48 

19 79.07 10.06 4.66 0.53 7.07 

31 7.6.92 10.'l5 4..11 0.65 8.89 

32 79.76 10.25 4.19 0.56 5.84 

33 79.30 10.41 3.49 0.34 5.84 

. '"f. 
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Table2-B 

OJLAND CHAR B...EMENTALANALYSlS (%) 

CHAR 

Run No. c H N s 0 

20 25.45 1.97 2.79 1.39 11.90 

9 26.02 1.61 3.01 1.16 12.70 

15 24.53 1.22 2.84 0.74 9.2.S 

.22 22.53 1.34 2..54 1.52 12.54 

23 23.83 1.70 2.59 1.44 11.55 

24 24.76 1.85 2.83 1~ 12.37 . 
19 23.36 1.56 2.76 1.48 13.25 

31 26.~ 2.13 2.80 1.31 11.94 

32· 25.97 1.98 2.SC 1.34 11.63 

33 24.22 1.62 2..74 1.50 11.35 

Table3 

AUf'HATIO HYDRO-
CARBON DlSTRJBU-

TIONlNOlL 

~pound I % 

Coia a 

C1a-1s 30 

CiS-:111 6 

Cis-17 5 

C,T-19 10 

c,.9-i!O 10 

~ 10 

C:2.1 21 

100 

: I 

. I 
! 
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Run No 

34-

10 35 

36 

37 

1$ 38 

39 

40 

41 

Temp(") 

350 

450 

500 

450 

450 

450 

450 

450 

Run 
No 

34 
35 
36 
37 
38 
39 
4.0 
41. 

8 
Tabte4-A 

CONTINUOUS REACTOR RESULTS REACTUR CONDmONS 

SludgeFdRt 
Solids Resi-
denceTme Char Inv. (g) GasSe;;il 

glh 
(Min) 

750 8 51 no 

750 8 54 no 

750 8 53 no 

750 28 201 yes 

750 8 56 no 

750 8 55 no 

1000 - a 70 yes 

500 ·20 BB yes 

Table 4 - B 

cruIT:!NOOUS REACTOR RESULTS 

on. CHAR 

Yield Ca1 Vis- Yiel.d Cal. 
(-%") Val.ue cosity (%) Val.ue 

1S.53 27.88 160 64.68 8.84 
29.71 31..12 72 59.76 8.27 
28.16 34.01. 34 58.10 7.67 
24-10 35.53 33 59.50 S.28 
24-46 30.06 l.l.O 59.47 s.2s· 
27.96 33.20 73 59.74 8.70· 
26.75 31 .. 04 82 61. l.l. S.54 
23".7"" 35.00 34 57. 79 B-l.2 

Continuous aeactor 
(ASTM Standard) of 
room teinperature. 
from source 11C". 

Resul.~s measured. at 38°C 
Table l, measured at 
conducted using s1udge 

: 

I 

AC?25Path 
. i : 

'!lcfecs flow; 

~flow 
. ! 

mbC:ed flow: , I . 
. I I • 

cotinter c:urrent 

1st\zone arily : 
. ! : : 

aH:urrent· 
; t ; 

counter curT8nt 
; 

"i 
co~nter ~rent . 

. I 

. l 

. i 
' i 
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Table4-C 

.. 
CONTINUOUS REACTOR RESULTS NOG 

NOG 

. . 

i 
; 

. ! 
Phys Water Yield 

Run No Yield(%) Cal Value Tilennal Eff"tCiency I Char Inv SFR . 
(%) ~ . ' 

34 7.2B 3.18 3.62 73.85 0.068 
I 
i 

35 7.51 5_04 2.18 96.80 0.072 
. I 

i 

36 3.61 20.05 3.06 98.04 OJJ71 
' 

37 6.~ 9.68 5.72 93."(7 0.268 
I ' 

38 9.26 3.72. 4.23 83.75 
' ' O.Q7S 

' t ! 

39 6.67 6JIT 5.60 98..91 0.073. . ! ' ' 
40 4.76 7.20 3.37 ~14 0...070 

' : ' 
4-1 7.42. 10.96 5..88 91.82 ' 0.176 .. 

; . 
. : I 

Tiie sewage sludge-<ieriVed oil praduced appears to be largely aliphatic with a ~era~oxygen content 

butwith nitrogen derived fi'am protef11$ and fatty acid In the sewage sludge. The solid residue is e0% inor9anic 
• . I , ' 

mattec:. ! 
The ahave-described sewage sludg~erlved oils may have the fallowing com~ition: 

I General Range Typical Range · 

N"rtrogen: 2% to about 8% 3.4% to about 5% 
: 

Oxygen: 3% to about 12% 5.8% to about 6.9% 

Sulphur: 0.1% to about 4% 0.3% tc about 0-8% 

Hydrogen: 8% to about 11 % 9.7°/0 fD about 10.4% 

carbon:. 86.9% to about SSo,(, 76.9% ta about 79-84K! 
I 

These sewage sludge-derived oils can be dehydrated by distillation. Portions ~the n~~a~ groups 

ap~ to be amines and amides with some pyrldinic and pyrrolic types. Portions of the oxyge!1-o::intaining 

groups appear to be c:arboxylic and amide types. . : ! : 
The following Table 8 pmvides an Identification of individual components of seWage sludge..derived oil 

(SDO) by Gas Chromatography/Mass Spectrcgraph (GCIMS): . 
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Table 6 

Components 

Fraction 1 

10 

•Approximate. 
concentration 
in Fraction 

i 
. I 

Approximate! 
concentration 
in dehydrat~d 
se.waqe . \ 
sludge-derived 
0·1 

(boilinq: up to J.76°C) (4.6% of dehydrated 

Low boiling aromatics 
Pyridines 
Tcta.1 A.lkane.s 
Ind.oles 
Py.croles 
Thiocyanates 
E:;;ters 

sewage s1udge-derived oi1) : 
15.3% 0.7% 

l..1% .0~05% 
2.5% 0~12% 
l..7% 0.08% 
1.1% ~.OS* 

traces (i.e. 1ess than 
traces (i.e. less than 

O. O~-%) 
0. 0-?%) 

. i 
Fraction 2 ! 
(boi1inq range: i76°-260°C) (22.5% of dehydrated· . 

Pheno1.s 
PYr.rcl.es 
Esters/acids 
SUccj nimi de ( <;E,N~) 
Amides 
~hioureas 
Thiazo1es 

Fraction 3 

sewage s1udqe-deri ved : <;lil) 
3.2% 0.7% i 

i . : ! . 
traces (i.e. less than 0.0~%) 
traces (i.e. l.ess than o.O!?%) 
traces (i.e. less than 0.05%}. 

! 

(boil.i.nq range: 260-400°C) 
sludqe-

! 
(30.6% of dehydrated se~ge 

. I 
! 

derived oil) 
Ch1NO 

c:Ji2.1N• 

. ! 
i 

. I 

I 
. ! 

It was found that; as the fiaclions get heavier; the identification of individual componen!S bec:Omes more 
. I • . 

cfiff"ICUlt because of the complexity of the fi"action. _ l ' 

N: 
O: 
S: 
H: 
C: 

The adIJal analysis (by elements) of this SDO is . ! 
an% i 
11.21% 
0.74% 
9.75% 
71.53% 

An analysis of one Gpedf'ic~wage•ludge-derived oil was carried out by gas chromatcgraphyf~ spec-
troscopy as ibllows; _ ; 

This analysis is performed by connecting, a mass spectrometer to the outlet of a column ~In a gaS duo­
matograptt. The sample is injected into the gas chromatograph which serves to divide theGamPI~ into indMdual 
campgnents. Components ofa sample are eluted frgm the oolumn according tQ their differing ~lati1ilies. ~h 
the lowest boiling components usually eluting f°ll'$t. These are then passed to the mass $pedrograph which 
causesthemolea..desl:obefragmente:dandionized.. Theionsofthedifferentmassfragmentsof~hecomp0nent 
are detecled electronk::ally •. The pattern cf fragmentation as the ions move throUgh a magn.i:ie f"ield is tlien 

• •I • 

used to identify the chemical fundional grcups of the component. This is repeated ftir- eaoh o;imponent tf'lat · . · 
is eluted from the chromatographic.column. The patterns of the ion fragments are ve"rywerl knovin for chemical 

. . . ~ . . . 
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functional groups and can· be used foe both identification and quanb1:alive analysis. As the bo~nb cange:of the 
fiaction increases the iclentif"i.cati'.on oflndNidual COIJlPQnents becomes more difficult because of~'he complexity 
of the camponems and the deaeasfng ability ta resolve individual components by gas dtrcrnatography. · 

The samples of sewage sludge-derived oil were charad:erized by First distilling bl obtain 5 ~onssuJabte 
s for gas chromatography/mass spedromefry analY$iS. Each of these fraction was then anal~ to determine 

the amount of each fUndional type of component. The results are shown In the following T~I~ 7,. where the 
concentration reported represent the amount of the component type in the particular fi'adion only. 

10 

15 

35 

so 
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1111m11in11~~nmm1r 
T5!.l!J.e 7 

$ 
components Concentration, % : 

Fraction 1., J:nitia.1 BOilinq 
Point to 1.76°C 

: 

ArO?natiCS J.5.3% : 
10 

Pyridines 1.1% ' -
' Alkanes 2.5% 

rndoles 1.-7-t ' 
1~ ' 

Pyrroles 1.1.% .. 
~iocyana.tes traces : 

Esters -~- . ' traces 
20 . 

Fra.cti.on 2, Ballinq between ~ 

l.76 and 2670°C -

25 ·Pheno1s 3.2% 
: 

Pyrrol.es 1% 
.. : 

succini:m.ide (<;R,NOi) trace. 

Amides traces : 

30 
Thioureas traces 

Thiazoles traces ' 
: 

as Fraction 3, Boi.l.µq be.tvee.n : : ' 
260 and 400'"C ' 

No individu.a.l. cam.ponents 
' cou1d be identified. The 

.(Q response indicates :rii.ost of .. 
the components have the 
c;reneral. chemical. fo:cmula of 
~N and Ch.i- "l!h.ese 
components are most 1ikely to : 

.f$ 
have a heteroatomic ring with 
nitrogen and are hiqh1y : 

substituted. ' 

Fraction 4, Boilinq be.tween ! 

400 and 525°C 
50 
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'I 

: 

No individ'llai components 
cou.ld be identified- Common 

s features with th~ l.over : 
boiling' fractions suqg-est : 

complex mol.ecul.es containing 
nit:roqen and oxyqen. 

: 

- . ' 

Residue, Boiling" higher than : 
10 

s2s•c 

~s fraction could.not be 
cbromatoqraphed.. -. 

16 

ConsequenUy. it is seen that the S8W'!i9e" 61,,.idge-derived oil comprises a mixture of satura~ ~iphatic hydro-
• :ra carboms. monoaromatic hy<Srocarbons. Cfiaromatic hydrocart>ons. polyaromatic h.ydrocartior;is. polar com­

pounds and ~k; pyridine-soluble c0mpounds. Large porUons of the nttrogenous groups app~to be arrii~e 
end amides with some pyridinic and pyrro(ic types. Lsrge portions afthe oxygen containing grjlups ap_pearlD 
·be oarboxyllcand amide types. The sewage sh.1dgHerlved on has the following typical elemeittat composition; 

I : ! 

nilrogen, abaut3..4% to about5% byweighf; oxygen. about5.8% ID about6.9% bywelghf; ~about 0~% 
~ CC about 0.8% by weight: hydrogen, about 9.7% re about 10.4% by weight; and carbon. about 78.9% tO about: 

79.8% by weight. The sewage sludge-derfved ans c:an be dehydrated by disdllatfon. : . . 
~ fcllaY(ing standard test methods were used for determirung the properties of the rej~enated old "as-

phaltic paving material& containing sewage sf1.1dge-derived oil or fractions thereof. . ; 
The Standard Specif"aeation for V"isccsity-Gtaded Asphalt Cement for Use in Pavement 9onstru~n is 

ao · ASTM D3381...S3. , , ' 
The Standard Specification for Penetrafion-Graded Asphalt Cement foc Use in Pavement ponstruction is . 

ASlM D-946-82.. : 
The standard Test Method for ~enetrafion of Bituminous Materials is ASTM 05-86. '. 
The standard Test Method for Softening Point of Bitumen (Rjng-and-Ball Apparatus) is A$TM 0 36-86. 

~ The Stan~ Test Method for Effect of Heat and Air in Asphaltic Matelials (rhin-Film Oven Test) ~ AS1M 
01754-87. 

The Standard Test: Method for DucbTrty af Bihaninous Materials is ASTM D 113-86. . 
The Standard Test Method for Sotubility Clf Asphalt Materials in Trichloroethylene is~ D 2042-81. 
Standard Test Method for Kinematic V1SCCsityaf Asphalts {Bifumens) isASTM D 217~; : 

40 Standard Test Method fol"V1$COSity of Asphalts by Vaarum Capillary V1SCOn1eter is ASTM ;o 2171:-88. 
The Standard Test Method for Separation of Asphalt into Four Fi:ad:ions is AS1M 0412~6-
The Standard Definitions of Teems Relating fo Materials for Roads and Pavements is~ 08-88. : 
Method of Test Far-Sfripping By Static Immersion is described by Ministry ofTranspo$,tion of Ont:arfo 

(MTO). . . 

45 The materials used in the follo'Ning examples were as follows: · ' 
Distillation fi'ac::tions of sewage sludge-derived ails: +150°C, +250"C, +350"C, and ...WOOC; SheU, Gulf, and 

PetraCanada85/1COPengradessphalf;PetroCanada150J200Pengradeasphalt;andlocal(qttawa,<?arnida 
area) milled recycled asphalt cement (RAC). ! : 

The sewage sludge-derived oils used have the c:omposifion~ as previousfy described. ' 
so . i 

Brief Desaiplion of the Drawings 

In the aggompanying drawings.. 
Figure 1 is a graph showing penefraffon ("an dmm). as ordinate and Wto,<, sewage sludge-:c:Jj!rived ~ii il1 :re-

ss covered asphalt cement as abscissa; · ~ : 
Figure2 is agra~~ of viscosity (in ~t) as ordinate and wt% sewage sludge-<lerived oD in ~ered ~p~alt _ 
cement as absc 1 ~• • • • : • 

Figure 3 is a graph of penetration {PEN rn PT25"C) ~ ordinate and % sewage sludgHeriYed oil. ·+350"C 
. . : : . . 
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1111111! 11ii1il~lliiir 
. additive. in aged aSphalt as abscissa; and ; I -
Figure 4 is a bar graph of blends of asphalt., additive and aggf.esate shewing the relainiitg coating. : 
As seen from the drawings, Figure 1 is a graphical. summary of the penetr:a.Uon tesls preyiously described 

showing the blend of recovered asphalt cement and.sewage sludge-deri\led oil (+150•C),; Vs. penetration at 
s 4°C an~ at 25"C. ; · 

Figura 2 ls a graphical summary of the viscosity tests previously described shoWing thef)iend of~d 
asphalt cement and sewage slUdge-derived oil (+25D"C), vs. Viscosity at 100"C and at 135~C. · 

Figure 3 is a graphical summary of the pene1ration tests previously descnl>ed showing' the penetration vs. 
sewage sludge-derived oil, +350"C additive. blended with aged asphalt. · ' . 

1a Rg~ 4 shows the amount of retained coating after th~ stripping by immersion test preyiously ~escn"bed. 

15 

so 

Desa'iption of Special Embodimenf3 

The manner of Incorporation of sewage sludge-derived oils into salvaged asphaltic ~nt for recycle 
can be by various methods. including hot mixing and cold processing. with orwithout theipresence of virgin 
aggregate and/orwgin asphaltcementand/orrejuvenafing agents and/orothersuftable sOfiening agents. This 
is desaibed by the following examples. · · · · · 

. ! 
•I 

Example.1 . !. 
• I , , 

Aged asphalt cement extracted from discarded old pavement was softened with s~ge sru.dge-derived 
ail and Bow River asphalt. (a soft virgin asphalt). As wen. a han::I commercial asphalt was ~flened with bath 
~e sludge-derived oil and Bow River asphalt The penetrafions and viscosities for these examples are 
shown in Tables B and 9 and gcaphically in Figures 1 and 2. · . ; 

F19ura 1 fs a graphical summary of the penetration tests previously deScribed showing the blend Of recov-
ered asphalt and sewagesludge-derfved oil (+15Q9C) vs. penetration at4"C and at.2599.i . 

F"igure 2 is a graphical summaryofthe viscosity tests previously descnlled shoWing th~ blend of recovered. - . 
asphalt and sewage sludge-derived oil (+2so9C) vs. viscosity at 100"C and at 135°C. · 



5 

10 

15 

• 2.0 

46 

15 

TABLER 

Penetration Comparison Between Recovered Asphalt Ce­
ment and Petro canada 851100 Asphalt When Different Addi­

tives are Added 

RAC 

RAC+2.1% SDO 

RAC+ G.0% SOO 

RAC+ 12.2% SDO 

PENETRATION (dmm) 

RA.C + iio%,.Bow River 

PC85/100 

P~ 85/100 + 6Jl% SDO . 

PC 85/100 + 14.0% Bow River 

BawRfVer 

SDO 

RAC IE Reawered Asphalt Cement 
SOO ""Sewage Sludge-Derived Oil 
PC •Petro Canada 85f100 Asphalt 
The SOC fraclion uaed was ~DO +150°C 
The Bow River"fradion used was Bow River~°C 
n/a = Not analyzed 

7 

7 

7 

11 

13 

8 

14 

15 

>300 

>400 

30 

40 

50 

98 

80 

96 

159 

148 

n/a 

u/a 

' : ! 
. ; 

; 
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TABLE9 

V1SCOSity Comparison Between Recovered Asphalt Cement and Petro 
Canada 851100 Asphalt When Different Additives are Added 

KINEMATIC VISCOSITY Cc.SQ 

RAC 

RAC+2.1% SOO 

RAC+ 6.0% SOO 

RAC+ 12.2% SDO 

RAC+ 22.0% Bow River 

PC8Sl100 

PC 85/100 + S..0% SOC 

PC 851100+14.0% Bow River 

Bow River 

SDO 

RAC -=Recovered Asphalt Cement 
SOO =Sewage Sludge-Derived Oil 
PC =Petro Canada 851100 Asphslt 
nla = Not analyzed 
The SOO fraction used was SDO +150"C 
The Bow River fraction used was Bow River+454oC 

100"0 

11039 

6883 

4794-

4807 

.. 

3079 

nfa 

1690 

1518 

67.34 

21.95 

135°0 

866 

719 

624 

413 

2eil 

332 

218 

2.03 

21.44 

7.25 

j 
•I 

. ! 

' 
. f 

Abrief synopsis of the compositions (m weight%) of the virgin asphalts used, as carried out by tile Asphalt 
Separation Test by ASTM 0 4124, is shown in Table 10, as follows. · · 

TABL"E10 

Asphalt Asphaltene Saturates Nap/Arom. Pol/ho: 

PC85/100 16.1 14.3 34.2 35.3 

PC150/200 9.3 16.0 35.9 3S..8· i 

. ; 

PC= Petro cMadaAsphalts. Both asphalts are commercial asp~ graded according tc [lenelrafion grades. 
i.e.. 851100.., penetration between 85and100 dmm. , 

6IJ Napf Arom. = Naphthene Aromatics . , 
Pol/ Ar. """Polar Aromatics . . · · 
The results of the tests pecformed on the ca~·virgin asphalts used are~ n Tabie 11 below: 

. ! 

~ 
' 

··:·.'·. 
,. 
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TABLE11 

Test I Unifs PC85/100 PC150J200 

Strp Imm. % 36 20 

Pen. 4,25,30"C dmm 8,96,158 15,174.218 

FlashPlCOC •c 324 316 

VISCO&fty,60°0 Poises 1573 476.1 

.135"C cSt 332.1 191.8 

Dudility,25"C an +150 130 

TriC1Bh..Sol'ty % 99.93 99.95 

TFOTWtL.oss % 0.024 0 

··Pen.259C drrun 53 9S 

Ret.Pen. % 53 99 

V1$.60"C Poises 3178 799.5 

135ac cSt 446.2 244 

DuctJ1ity~C an 150+ nla 
' 

Strp.lmm. % 25 n/a 

Strp tmm. =stripping By static Immersion 
Pen. = Penetration . ~ 

TriCIEth.Sorty = Solubillty in Trichloroethylene ' 

TFOT ""'Thi11-Filrn Oven Test 
Rat.Pen. = ReUl.ined Penetration , ; 
VIS. = VISCOSity i . . . 

The results of Tables 8 and 9 indicate thatsmall amounts of sewage sludg&-deriveci dD softsri haiU asptialt 
and reeycled asphalt as much as larger amounts of soft virgin asphalt In particular; ag~ asphalt cit 30 dmm 
penetration at2S•C is converted ID an 851100 asphalt by the addition of 12.2% sludge-j:s~d oil; c0mmercial 
851100 asphalt is converted l;D soft asphalt (150/200) by the addition or 6% sludge.d~ed oD. As wen. the 
recycled asphalt blended with 12.2% sludge deri\led oil passes Ministry of'liansport of Ontario spdicaUon 
forlcinematicviscosify (minimum of280 cSt} for8511CO asphaltl\estASTM 2.170-851. Thill perfor~ofs~ 
age sludge-derived oil for saftening hard asphalt and recycled asphalt at least matches the performance of 
Bow Riverasphalt but atsignif'icanUy reduced amounts. If mal'l! Bow River had been 8cided to the old asphalt 
to bring ltto a specified penetration of 851100 eaphalt. then the viscosity would have been below the specified 
280 cSt (minimum). · 

Example2 

i 
The addition of sewage sludge-derived oi11c recyded asphalt cement has been f6Und to improve ductility. 
In this uample. 5% af+15D"Csewage sludge-derived oil and 5% of+250"C~ge·sludge-derived oil 

were added, respectively, to aged asphalt. 
A.comparison af'the sewage sludge-derlVed on containing more lighter and less lighter mate'riaI as additives 

fer aged asphalt is shown below in Table 12.. · ; 
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INCREASE OF PVC'I'ILlTY BY Al)DiTION OF SDO 

RAC V 5% SDO* 
in :RAC V 

:Penetration @ 25°C 
(mm./1.0) 

Viscositv @60°c 
(Pois~) .. 

38 

J.l..425 

59 

2896 

DUCtility @25cC 3i.5 iJ7.0 
(cm) 

* sewaqe Slud.qe-De:rived oil+iso0c 
** Sewage Sludge-Derived Oil+2S0°C 

SDO ""Sewage Sludge-Derived Oil 

was 
was 

5% SDO**: 
in W;c v: 

SS:; 

3531. 

l.Ol.. 2 

used 
used 

. I 

RAC •Recovered Asphalt Cement , . 
As &hewn in Table 12. above, the penetrations inc;:rea$ed from 3S to 59 and 38 to 55 aod ~ viscosities 

at so•c were lowered from 11425 to 2896 and 3531 poi&es respecfively. Figure 3 is a graph~ summary' of 
the penetration tests previoU$ly desc:fibed showing the penetration vs. +350°C sewage sludg~erived oil ~d-
ditive blend with aged asphalt. · . • ' 

This shows that the material with ltghter components. is somewhat more effective for GO~ning. R.irther. 
the sewage slu<lge-<ferived oil is quite effective in increasing dudllilie& from 31.5 to 137 and· 1;01 cm respeo.. 
lively.ASTM D-946 specif"ies a minimum of 100 cm ductility for hard (851100) asphalt cement The in~~ in 
ductility demonscrates the compatibility of sewage sludge-derived oil with heavy uphaltenic_ri,ia1crials. 

EXAMPL.E3 

Blends of sewage sludge-<ferived oil with aged asphalt when subjected to Thin-Film Oven ".rests :yi~d Sa.t-
35 isfac:tory results. Tilis is shown below in Table 13 when a blend o:mtarning 9% of' sewage sludg~erived o~ in 

aged asphalt was subjeded fD the Thin-Film Oven Test. 

TABLE13 
: 

. ' 

EFFECT' OF OXIDATION 

Thin-Film OVen Test 

Asphalt 
PEN25°C (Be-

TFOTWt Loss% PEN25"C (After) RETAi~B> PEN% fOre} 

0%SOO. : 
COMMIII 174 0 99 5$..9 
150/200 

.. 
10%SDO 
+25o•ccoM- 342 1.06 187 : 

' 
54.7 

Mlll 150/200 

0%SDO.RAC . 32 0.028 .. 

. . 
8..92%SDO 

65 0.60 39 60 +250'"CRAC - : 

55 

-
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PEN ""Penetration (dmm) 
COMMlll ·A~al.Asphalt 
SOD ., Sewage Sludge-Derived Oil 
RAC "" Recovered Asphalt Cement , : 
lFOT .... Thin-Rim Oven Test . 

As also noted above, the retained penetration was 60% which passes the Ministry afTransp~ of Ontario 
and ASTM 1).946" specifications. . l : 

. ! 

EXAMPLE4 

The change in \'iscosities after Thia-Rim Oven Tests is shown below in Table 14. 

TABLE14 

RECOVERED ASPHALT CEMENT 6LENDS VS. VIS-
COSl1Y AT60'"C 

Asphalt Cement Blend 

RAC +o% SDO +250"C 

· TFOT Residue 

RAG +9% SDO +2500C 

RAC - Recovered ·Asphalt cement 
1FOT - Thin-Film Oven Test 

lFOT Residue 

V1SC0Sity@ eo•c (P) 

29720 

45210. 

5330 

9583 

. ! 

! 
. ! 

: i 

SDO - Sewage-Sludge Derived Oil . 
This viscosity change is within the specifications required by those Canad"ian transportation. agencies Who 

30 set this specification. · ! 
Wd:h 85/100and1!Jll/200 penetration grade asphalts it has been found thatatleast5% af~e+150oCsew­

age sludge--deriVed oil can be added before the blends fail the Thin-Film Oven Test due to vcl~on of the 
lighter components. With the heavier aged asphalts considerably more can be added of the +,150"C ~e 
sludge-derived oil. Altemafively, a higher initial boffing point sewage siudge-<lerived on could ~e used: Those 

35 asphalts could be· diluted with other-materials, e.g., soft virgin asphalt ; 

EXAMPLES 
i 
I 

. ! 
I 

The campatibUityof sewage sludge-derived on with heavy residual materials was then ass~~d. ~e . 
~ sludge-derived. oil was added to CANMET hydroaacking pitx:h (S.P.111°0) and to ROSETM resid~e (S.P.i58°C) 

in equal proportions, heated unlil liquid and thoroughly mixed. An aged Athabascan asph21terie fi'action was 
&imilar1y treated wi"'th twice ifs weight of sewage sludge-derived oil. : . 

A description of the c:harac:teriGties of the above-referrad-1o CANMET hydrocracking Pit#1iis as fo!lows: 
Very heavy material. l)'picalfy 50 - 80% Asphaltenes. · , : 

.-; Asphaltene content varies with the feedsmck and the conversion rate selected for the p~. (See U.S. 
Patent No. 4,683,005 J<Jly 28, 1987 M. A.. Poirie"_ l : 

A description of the characteristics of the above-referred-ID ROSErM residue is as foll~ . . 
Reaiduum Oil Supen:rilical Extraction (ROSErv) pro~--s by the phenomenaof reversesolubilityseP.arates 

asphaltenes from heavy oil residues using propane or butane solvent. The characterisfic:s oft'"-e;hydrgerac;k!ng 
60 pilch wt11 vary according ta the feed stock used. but typic:ally very high in asphaltenes: R. & B s~tening Pt. ~0-

1000C · ~ 
VJSeosities 20G-400 c:St@ 200°c · · 
Nickel & Vanadium 100-300 wppm (high) , 

In the case of the hydroc:racking pitch and the ROSE:rw residue blends, the materials ap~ ID dissolve 
65 completely in the sewage sludge-derived on.. In the case of the asphaltenes, there appeared m;be only·a very 

small portion of skin-like material. that did not crissolve in the sewage sludge-derived oil This sirial1 amount of 
insoluble material probably was due fo oxidation of the asphaTtene fraction on ageing. The ~res were very. 
viscous. on caoling, but no phase separation could be detected, even ~several weeks. : : 
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EXAMPLES 

The addition of sewage sludge-derived oil fD aged asphalt can ma.-kedly improve the resist$ce to stripping 
of the rejuvenated asphalt fiom aggregates. This is shown in the bar graph sticwn In Figu~ 4, wh[Cf\ shows 

5 the results of the stripping by static Immersion test. ! · 

10 

As seen in F'igure 4. 9% of ~e sludge-derived ail was added to the aged asphalt In ad'dftion to rejuv­
enation, this retained surface coverage afterthe &tripping test was 100% forthis rejuvenafed!~phaltand Was 
only 42% for the aged asphalt. The result for the recycled asphalt blended with sludge-d~ed oil ~ds 
the Miniafry cf Transport of Ontario requirement of 95% ccverage for han:i 2.$phalf:s. . : · 

lndusfrlal Applicabili!X 

. . 
This invention provide& the industri21 epplicabllty of recycling used asphalt pavement in ·~er to ~vase 

the asphalt and the aggregate. This provides almost new materials ror use in the cxmstrudfon;of new 8_sphalt 
1$ pavements. : · 

The pcgftive results In softening salvaged asphmts, forirnproving compatibility, and forim~ adhesion 
t.o aggregate f«pavementrecyd'ing using sewage, sludge-derived oil indicate the expanded p~tential ~and 
therefore market value for sewage sludge-derived oiL Sewage sludge-derived ail has an al'finif:yfcrheavy as­
phaltic qulterials. The addificn of sewage sludge-derived oil to aged asphalt markedly incteases the dudiities.. 

20 Sewage sludge-derived oils are fairly immiscible~ hydrocaibon frc!ction that have high sa~fed h~­
bon contents. There ls a possibility that asphalts that"are high in safurated hydrocarbons. Iri Parucularwaxy 
components. may be incompatible when Wlylargeamounfs ofsewagesludge-derfved au are added. HOwe'ler, 
such asphalts wculd not be gen~y desired for paving. .: ; ' 

"•" .-.... - .•. •.• ·.- - o''•.'• a.••• •• • ' ." • ' • • • •, ~·· •O • • 
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Claims 

1. A method for rejuvenation of salvaged. aid asphaltic pavement material, characterized b.j inco~. 
into said old asphaltic pavement. a novel nitrog~ing adhesion-improving, anti-stripping agent as 

an additive. said additive being characterfzed by being a sewage sludge-deriVed oil. or a·~ction th~f .. 

the sewage sludge-derived oD comprising a mixture of saturated aliphatic hydrocarbon5,'.monoaiom2tic 

hydrocarbons. diaromatic ~ns. poiyaroma5c hydrocarbons, paiar compounds: 8nd basic, pyri­

dene-soluble compounds, having the followmg demenfal chemical compositron: nilrogen,: about 3.4% to 

about 5% by weight oxygen. about 5.8% to about 6.9% by weight; sulfur. about 0.3% to :aoout 0:8%. by 

weight; hydrogen. abaut9.7% to about10.4%. and carbon. about76.9% to about79.8%.i 

' •I 

2.. A method for improving the compafibilif:y of aged asphalt in salvaged old asphalt pavi~; maf.erfals ~ith 

otherasphaltic materials, char2d:erized by incorporating, Into said old asphaltic pavement,~ or~ut 

other asphaltic materials, ancfl« rejuvenating agents and/or suilable softening agents, a s~e sludse­

derived oil, or a fraction thereof, the sewase sludge-derived oi comprising a mixture of~Snphatic 
hydrocal't>ons, monoas:omatic hydrocatbons, diaromatic hydrocamons, polyaromatic hydn:icacbons, polar 

compounds and basic. pyridene-sotuble compounds. ~ving the foUowing elemental ch~cal comP<?Si­
tion:· nitrogen, about 3.4% to about 5% by weight: oxygen. about 5.8% to about 6.9% l:!i weight; &ulfur, 

about Q.3% le about 0.8% by weight; hydrogen. about 9.7% to about 1C.4'Ya. end carbon. abaut76.9% to 
about 79.8%. . ! : . : 

' 

3. A method for improving the resistance to stripping of rejuvenated asphalt cement aggregate characterized 

~Incorporating, into said old asphaltic pavement. a novel nitroge~ntaining adhesion-i~roving. ~ti­
strfpping agent as an ad~itive, said adalfjye being charactertzed by being a sewage sludg~erived ail, er 

a fraction thereof. said sewage sludge-derived oil a:>mprising a mixture of satwated alip~c hydrocar­

bons. monoaromalic hydracari>ons, diammatic hydrocarbons, poly.ucmatic hydrocarbp~. palar c:Om­

paunds and basic, pyridene-soluble c:cmpounds. having the foUowing elemental chemi~ ccm~n: 

ni!rogen. about 3.4% to about 5% by weight; oxygen, about 5.8% to about 6.9% by weigtjt: sutft.i, about 

0.3% to about0.8% bywetght; hydrogen. about 9.7% to about 10.4%. and carbon. about7G.9% to about 
79.8%. . . . . 

. : 
4. T?le method of daims 1, 2 or3 characterized ln that the amount of said sewage sludge-d.e~d oil is from 

about 2 to about 15% by weight : ! . 
. . i . 

S. An aspha?tic composition induding comminuted aged asphaffic pavement material and ~ by 
in~uding an effective amount. e.g., from about 2% to about 15% by weight, of a blend of an agent, e.g .. 

a hydrocarbon productwith physical characteristics selected to restore aged asphalt to the requin!meitts 

of currentasphaltspedficalians! E41-. a soft asphalt cement. and/or a conventional asphall:C::ement. an<f/or 
5 a aitback asphalt in combination with a nitrogen-containing, adhesion-improving, ~pping ·agent.· 

said agent being characterized by being a sewage sludge-derived oD. ora fraction thereof. Said s.ewase 
sludge-derived oil comprising a mixture of saturated aliphatic hydrocarbons, monoaromatiC:hydrt1carbons, 

diaromatic ~ns. polyaromatichydrocarbons, polar compounds and basic:. pyriden.e-soluble com-
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pounds. having the following elemental chemical composition: nilrogen. about3.4% to abotit5% byweight; 
oxygen. about5.8% to about6..9% bywelghl; sulfur, about0.3% to abaut0.8% byweight;hYdrogeri., about 
9.7% ta about 10.4%, and carbon, about 76..9% to about 79_8%_ : · · 

The asphalticcomposition of clalm5 characterized in that said sewage sludge-derived ail~ the-rrillowing 

elemental composition: nitrogen. 3.42% ta 4.95% by welght; oxygen. 5.84% to 6..89% by weight; sulfur. 
0.34% to 0.83% byweight: hydrogen. 9.70% to 10.44% by weight; and carbon, 7tt92 ta 79~76% byweight. 

The asphaltic composition cf daims 5 or 6 characterized in that it includes at least one=addilionat agent. 

e.g., at least one rejuvenating agent or at least one softening agent. · · 

The asphaltic composillon of claim 7 characterized in that.said adcfttional asent is a soft asphalt eement, 
and/or a cutback asphalt. andfcr a conventiol'lal asphalt cement. _ ' · . 

: i 

The asphaltic composition of claims s. s. 7 or 8 blended with soft virgin asphalt. 

The asphalticcomposition of claims 5, S. 7, 8 or9 c::haraclerlzed in that the emount.of said~~sluds&. 
derived oil in said blend is from about2% to ~ut 12% by weight. 


